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1 Introduction
In RAN4#94e-bis, a way forward on UE power saving performance requirement was agreed [1]:

	Recommended WF: 

To decide in RAN4#95 meeting on whether to define a joint test case for PDCCH-WUS in DRX OFF and PDCCH in DRX ON.



Based on the recommended WF, we discuss about performance requirements for PDCCH-WUS in this contribution.
2 Discussion
2.1 UE behavior when configured to monitor DCI format 2_6
If UE is configured to detect DCI format 2_6, it will try to decode PDCCH scrambled by PS_RNTI in the valid monitoring occasion during DRX-OFF period. In RAN1#98bis, the following agreement is achieved if the CRC fails in the DCI decoding of PDCCH-based power saving signal/channel outside active time [2]. 
	Agreements:

If a DCI format 3_0 outside Active Time is not detected by a UE, “UE wakeup or not” is configured by the higher layer signalling to address this case
· The default is “not wake up”



According to the above agreement, the behavior of UE can be summarized in the table 1.
Table 1 UE behavior when configured to monitor DCI format 2_6
	Is DCI format 2_6 detected?
	Is PSWakeUpOrNot configured?
	Start or may not start drx-onDurationTimer

	Yes
	Yes
	Indicated by wake-up indication bit

	
	No
	

	No
	Yes
	Indicated by PSWakeUpOrNot

	
	No
	Do not wake up


If UE detects DCI format 2_6, no matter what the configuration of RRC parameter “PSWakeUpOrNot” is, it will follow the value of “Wake-up indication” to wake up or sleep in the next occurrence of drx_OnDuration. If UE does not detect DCI format 2_6, the behavior of UE depends on the RRC parameter “PSWakeUpOrNot”. For the case that higher layer does configure UE to wake up, UE will wake up in DRX-ON period even if UE misses DCI format 2_6 and there is no performance loss but power saving efficiency may be degraded. While if “PSWakeUpOrNot” is configured as “UE not wakeup” or there is no higher layer configuration, UE does not wake up in DRX-ON period when it does not detect DCI format 2_6. It will miss the DCI indicated in DRX-ON period and cause performance loss if “Wake-up indication = 1”. The misdetection of DCI format 2_6 will result in data loss, increased latency and waste of both PDSCH and PDCCH resources. 
Observation 1: If UE is configured not to wake up by RRC and when it does not detect DCI format 2_6, it may cause performance loss  
2.2 Test case design
As discussed in section 2.1, there are two cases that UE will miss the PDCCH in DRX-ON period when UE is configured not to wake up in DRX-ON period. 
· Case 1: UE detects DCI format 2_6 in the DRX-OFF period and “Wake-up indication = 1”
UE performs blind decoding in DRX-ON period but still missing the PDCCH. 
· Case 2: UE misses DCI format 2_6 in the DRX-OFF period and “Wake-up indication = 1”
UE sleeps in the in DRX-ON period and misses the PDCCH.
Compared to the normal case in Rel-15 where only case 1 happens, the miss detection probability of PDCCH would be increased as both case 1 and case 2 happen if UE is configured to detect PDCCH-WUS. From the perspective of demodulation, there is no difference of demodulation algorithm to decode DCI format 2_6 compared to decode other DCI formats. However, the miss detection probability of DCI format 2_6 are varied and depends on the payload size and aggregation level [3]. In RAN1-AH-1901, to evaluate the performance of PDCCH-WUS, the target miss detection probability is agreed to be 0.1% [4], which is far below the target miss detection probability of PDCCH defined in the test case in TS38.101-4. To achieve 0.1% miss detection probability under the scenario of low SNR, the payload size of DCI format 2_6 should be small and aggregation level should be large. 
To get more insight about the detection performance degradation, we can configure UE not to wake up when missing DCI format 2_6 in DRX-OFF period and then transmit PDCCH-WUS in DRX-OFF period and PDCCH in DRX-ON period. Similar to Rel-15, miss detection probability of PDCCH in DRX-ON period can be obtained by the number of ACK/NACK responding to the scheduled PDSCH. Correspondingly, we can compare the miss detection probability between PDCCH-WUS enabled UE and PDCCH-WUS disabled UE and then check whether PDCCH performance in DRX ON is well maintained for power saving UE. To be more specific, if the miss detection probability of PDCCH-WUS is PWUS and the miss detection probability of PDCCH in DRX ON is PPDCCH. Then UE’s decoding performance of PDCCH-WUS can be identified by comparing Pm-dsg between
· PDCCH-WUS disabled UE: Pm-dsg = PPDCCH
· PDCCH-WUS enabled UE: Pm-dsg = PWUS + (1- PWUS)PPDCCH
From the above discussion, a proposal is given as follows.
Proposal 1: The test case of PDCCH-WUS can be conducted based on the following setups: 
1) Configure UE not to wake up when missing DCI format 2_6 in DRX-OFF period 
2) Transmit PDCCH-WUS in DRX-OFF period and PDCCH in DRX-ON period 
3) Verify that Pm-dsg of PDCCH-WUS enabled UE meets the performance requirement
3 Summary
The observations and proposals are summarized as below:
Observation 1: If UE is configured not to wake up by RRC and when it does not detect DCI format 2_6, it may cause performance loss  
Proposal 1: The test case of PDCCH-WUS is conducted based on the following setups: 
1) Configure UE not to wake up when missing DCI format 2_6 in DRX-OFF period 
2) Transmit PDCCH-WUS in DRX-OFF period and PDCCH in DRX-ON period 
3) Verify that Pm-dsg of PDCCH-WUS enabled UE meets the performance requirement
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